ot A
i

AFRL-HE-BR-TR-1998-0073
UNITED STATES AIR FORCE

RESEARCH LABORATORY

PROJECT RANCH HAND i

AN EPIDEMIOLOGIC INVESTIGATION
OF HEALTH EFFECTS IN AIR FORCE
PERSONNEL FOLLOWING

EXPOSURE TO HERBICIDES

REPRODUCTIVE OUTCOME UPDATE

JOEL E. MICHALEK
RICHARD A. ALBANESE
WILLIAM H. WOLFE

HUMAN EFFECTIVENESS DIRECTORATE
DIRECTED ENERGY BIOEFFECTS DIVISION
BIOMECHANISM AND MODELING BRANCH

2503 Gillingham Drive, Building 175E
Brooks Air Force Base TX 78235-5102

July 1998

Approved for public release; distribution is unfimited.




NOTICES

This report is published in the interest of scientific and technical
information exchange and does not constitute.approval or disapproval of its ideas '
or findings. : <
Using Government drawings, specifications, or other data included in this
document for any purpose other than Government procurement does not in any
way obligate the US Government. The fact that the Government formulated or *
supplied the drawings, specifications, or other data does not license the holder or
any other person or corporation; or convey any rights or permission to
manufacture, use, or sell any patented invention that may relate o them.

The Office of Public Affaifs has reviewed this technical report, and it is
releasable to the National Technical Information Service, where it will be available
to the general public, including foreign nationals.

This technical report has been reviewed and is approved for publication.

%‘e& E N Lot
JOEL E. MICHALEK, PhD
Project Scientist

RICHARD L. MILLER, PhD

Chief, Directed Energy Bioeffects Division



" ow

i

- | 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paparwork Reduction Project {0704-0188). Washington, DC 20503.
1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE "3, REPORT TYPE AND DATES COVERED
July 1998 Final Report — 17 December 1984

Form Approved

REPORT DOCUMENTATION PAGE OMB No. 0704-0788
Public reparting burden for this collection of infi lon is e3ti dto ge 1 hour per responses, including the time for reviewing instructions, Istil heri
maintslning the data needed, and completing and pleting and reviewing the coliection of infi i San% o edi I:gthi: purdon & s.earcl-ﬂ:rg any oth'erd ::;ect of this |:o|!s<:tiuna '::
intormation, including suggests fot reducing this burden, to Washi Hoadgquarters Services, Di for Inf ion Operati and Rep 1215 Jetferson Davis Highway, Suite

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Project Ranch Hand 1I: An Epidemiologic Investigation of Health Effects in Air Force PE — 65306F
Personnel Following Exposure to Herbicides - Reproductive Qutcome Update PR - 2767

6. AUTHOR(S) %AU ~ EIA

Joel E. Michalek
Richard A. Albanese
William H. Wolfe

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) ' 8. PERFORMING ORGANIZATION
Air Force Research Laboratory REPORT NUMBER
Human Effectiveness Directorate AFRL-HE-BR-TR-1998-0073

Directed Energy Bioeffects Division
"Biomechanism and Modeling Branch
2503 Gillingham Drive, Building 175E
Brooks Air Force Base TX 78235-5102

S A A e
3. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 70, SPONSORING/MONITORING AGENCY
REPCRT NUMBER

11, SUPPLEMENTARY NOTES

This Technical Report was prepared for the Surgeon General, United States Air Force, 17 December 1984.

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.

13. ABSTRACT (Maximum 200 words)

Preliminary analyses of verified birth defects and neonatal deaths in Ranch Hand children are presented. Birth defects and
neonatal deaths were reported by Ranch Hand and Comparison veterans at the baseline physical examination in the Air Force
Health Study. At the time this report was prepared, negative responses to the birth defect and neonatal questions had not been
completed. The change in the odds ratio relating birth defects and exposure group from before the father’s service in Southeast
Asia (odds ratio=0..73) to after the father’s service in Southeast Asia (odds ratio=1.46) was statistically significant (p=0.024). The
odds ratio relating neonatal death and exposure group also changed significantly (p=0.04) from before the father’s service in
Southeast Asia (odds ratio=1.00) to after the father’s service in Southeast Asia (odds ratio=9.85).

14. SUBJECT TERMS 15. NUMBER OF PAGES
Birth defects ‘ 39
Agent Orange
Vietnam 16. PRICE CODE
17. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Unclassified ) Unclassified 7 Unclassified UL
NSN 7540-01-280-5500 Standard Form 298 (Rev.2-89)

Prescribed by ANSE Std. Z39-18
298-102



«)

Jt

o

RANCH HAND II UPDATED ANALYSIS OF LIVE BIRTH OUTCOMES

1. Introduction

Since the rélease of the baseline morbidity report in February 1984, birth
defects and'neoﬁatal deaths reportéd by study_participaﬁts during the baseline
questionnaire hﬁve been verified by record rgview; ‘This'verification was ac=<
complished by the review of birth and other medical records, birth certificates
and death certificates. Verification of negative responses to thé birth defect
and neonatal death questions have not as yet been completed. Reported birth
defects and neonatal deaths were labelled as belonging to one of nine verifi-<
cation result categories. Table 1 shows the number of reported birth defective

children and neonatal deaths in each of the nine categories.

Table 1

VERIFICATION PROCESS SUMMARY AS OF 15 SEPTEMBER 1984
(Ranch Hand and All Comparisons)

Number of - Number of

Verification Result Birth Defects Neonatal Deaths
Cannot locate father . 9
Records unlocatable 3] 8
No care sought ' 19 -
Refused delivery of records 31 -
Records dastroyed - 18 0
Confirmed 231 . 56
Not supported 23 ' 0

‘ 1 6

Waiting for records

For the purpose of data analysis, these nine verification categories were

collapsed to three for purposés of andlysis, as defined in Table 2.



Table 2

VERIFICATION PROCESS COLLAPSED DEFINITIONS

Analytic
Verification Results . Category
Cannot locate father Unknown
Records unlocatable Unknown
No care sought Unknown
Refused delivery of records Unknown
Records destroyed Unknown
Confirmed Yes
Not supported No
Waiting for records Unknown

The data analyzed in this report reflect the status of the verification
process as of 15 September 1984, The date 15 September was chosen independ-
ently of the data and was dictated by the logistics of report‘preparation. An
additional Ranch Hand child with Down's syndrome was identified but tour data
for the father were unavailable at the time of analysis, and this child was

omitted from thesé analyses.

2. Analytic Strategy

These analyses are directed at testing for the existence of a group by
verified defect (or neonatal death) by time interaction. These data are cate-
gorized by group (Ranch Hand, Comparison) by verified birth defect (Yes, No)
and by time of conception (Pre-Southeast Asia [Pre-SEA]}, Post-SEA). A deScrip*
tion of a three-way group by defect by time 1nterac;iqn is best developed in
terms of the odds ratio. The "odds"™ of a birth defect is a ratio of the prob-
ability of a defect to the probability of no defect. The ratio of this odds in
the Ranch Hand group to the corresponding odds In the Compariscn group is
called the odds ratio. An odds ratio of unity indicates group equivalence as

regarding birth defects. An odds ratio greater than unity is obtained when the
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odds in the Ranch Hand group is greater than the odds in the Comparison group.
The odds ratio thus summarizes the group by vefified‘defect associatioﬁ. This
odds ratio may, however, change with time of conception (pre=<SEA, post‘SEA).
For example, an odds ratio of unity for "pre=<SEA conceptions and an odds ratio
of two for post=<SEA conceptions would be suggestive of a herbicide effect. A
change in the odds ratio with time.of conception indicates that the odds ratio
is associated with time of conception. Suéh an association is termed a three=
factor interaction by statisticians, the factors being group,-ﬁerified birth

defect and time of conception.

The preferred‘statistic in this report is the test of the hypothesis of no
three=factor interaction. This hypothesis i§ equivalent to the statement that
the odds ratio is constant with respect to tiﬁe of concéption; i.e., that the
pre=SEA and post=<SEA odds ratios are equal. A p=value for this test less than
the nominal 0.05 would jndicate the presence of a statistically significant
three=factor interaction. In terms of the odds ratio, it would indicate tﬁaf
the pre<SEA and post‘SEA odds ratios are Significantly different. ?his test
for no three<factor interaction is, in general, more appropriate_than testing
for group differences at each level of the third factor. More specifically,
the test for equélity of the pre‘SEA and post‘SEA’odds ratios is entirely fo=
cused upon whether the odds ratio has changed with time, regardless of 1its
pre=<SEA value. Any test on post=SEA data only would assume that the pre=SEA
birth experiences of both groups wefe equivalent, an assumption that appears
unwarranted in these analyses since the matching variables, paternal age, race

and military occupation are only weakly associated with the propensity to fa~

ther birth defective children {Newcombe and Tavendale}. These data suggest, in

fact, that the Ranch Handers and their matched Comparisons are noneduivalent

gﬁoups with the Ranch Handers having relatively fever pirth defective children




prior to service in Vietnam than do the ‘Comparisons. The test for mo three<

factor interaction is, therefore, not only preferred but is the only analysis

of these data that would account for a possible nonequivalence of these study

groups prior to their Vietnam experience.

Consideration of a particular interaction pattern, one that actually ob<

tains in these data, 1llustrates the effectiveness of these analyses; the

pattern is shown in Figure 1.

Figure 1

A HYPOTHETICAL GROUP BY DEFECT BY TIME INTERACTION

RH
uJ
P
a
o
— Cc
o
w
Vi
b
o
| i

PRE-SER POST-SER
' TIME

Here, both trend lines have a positive slope, as expected, by advancing

paternal age but they cross over with the rates being different from each

other, {n one direction pre<SEA and in the opposite direction post<SEA. The



impertant pointiis.not the crossover pé} se, since any significant group by
defect hy time jinteraction .indicates that the lines differ. The impobtant
point concerns the pattern of switching rate differences- here the 1ow‘rate
pre<SEA Ranch Handers have overtaken phe high<rate pre<SEA Comparisons. This

pattern is reflected in. these analyses by a pre<SEA odds ratio less than unity

and a post<SEA odds ratio greater than unity.

The power of the test for no three<factor interaction is a fuhction of the

pre‘SEA odds ratio, the post<SEA odds ratio, the numbers of Ranch Hand and

Comparison conceptions pre<SEA and post<SEA, the number of defective births

pre<SEA and post<SEA and the significance level. Two power cﬁfvés are shown in

Figure 2, for the 0.05 significance level and the marginal totals in Table 7,

as a function of the post<SEA odds ratio for each of two values, 0.7 and 1.0,

of the pre<SEA ratio.

Figure 2

POHER OF THE TEST FOR NO THREE FACTOR INTERACTION VERSUS
THE POST-SER 0DDS RATIC WHEN THE PRE-SER 0DDS RATIC(RL)
EQUALS UNITY AND 0.7 RND HHRGINRL TOTALS HRE THOSE OF TABLE 7
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The graph corresponding to the pre<SEA oqu ratio of 0.7 shows that the
power of this test (given the data in Table 7) for detecting a change in the
odds ratio from 0.7 to 1.5 is 70%. Thus, if the true pre and post<SEA odds
ratios are 0.7 and 1.5, this test would correctly reject (at the S% level of
significance) the hypothesis of equal pre and post<SEA odds ratios in 70%f of

_all repetitions of the study. 'Hhile these power computations apply only to
tables having the marginal totals of Table 7, they do serve.to i1lustrate the

statistical power characteristies of this study.

3. Analysis of Verified Birth Defects

-

A summary of the verification process, in terms of counts of children fol<
lowing the definitions in Table 2, is shown in Table 3. A child with multiple
defects is counted only once in Table 3 and the subsequent analyses. For chil~
dren with multiple verified defects, the most sericus birth defect was
analyzed. In Table 3 and elsewhere in this report, "original® Comparisons
refer to those 1023 Comparisons who were asked to participate in the baseline
physical examination before scheduling difficulties arose and ®"all' Comparisons
refer to the entire cohort of 1660 matched Comparisons who received the base<
line questionnaire. See Chapter V of the baseline morbidify repcrt (Lathrop et
al., 1984) for a full discussion of these groups. As in the baseline report,
the primary analyses are those contrasting Ranch Hand children with original
Comparison children, Contrasts of Ranch Hand and all Comparison children were,

however, also carried out and are described throughout this report.



Table 3

CHILDREN WITH REPORTED BIRTH DEFECTS
AND VERIFICATION PROCESS RESULTS BY GROUP

Reported as Defective

" Verification Unverified -Missing Data on
Group ‘ Yes Eg_Unknowanotal Negatives Questionnaire Total
Ranch Hand 103 10 57 170 ék?g 13 2662
Original Comparison - 85 7 43 135 2053 3 2191
All Comparisons 131 9 68 208 = 3156 : 13 3377

The 26 childfen with missing reported defect status on the questionnaire
were not included in fhe verification brocéés,and,they 'still carry a missing
status. These 26 children with missing queétionnaire data were deleted from
all analyses. Seven children who were not categorized into one of the nine
categofiesl shown in Table 1 were 1nclﬁded in the “unknown; verification
status in the subsequent analyses. Two of these were children of original
Comparisons and five were children of Ranch Handers. The total number of
children in these #ables (2663 + 3377 = 6040) corresponds to the total number

of live births shown in Figure XI<1 of the baseline morbidity report.

Table 4 displays the verification status-of reported birth defects by gen=
eral category of the defect. The results of the verification process for

specific defects by group and severity claséification are contained in Appendlx

Table 1.



Table 4

ANALYZED BIRTH DEFECTS BY ORGAN OR SYSTEM
RANCH HAND AND ORIGINAL COMPARISINS ONLY

SEVERE
RANCH HAND OOMPARTEN
PRE=SFA POST=SEA PRE-SEA POST=SEA
Net Not Not Not ICD OODE Not Not ] Not Nt
Re=  Veri= Sup* Veri{< [Re+ Veri< Sup Veris Re< Veri< Sup~ Veri< |Re< Veric Sups  Veri=
pxrted fled ported fiable [ported fied  ported fiable NOMENCLATURE ported fied ported fiable |ported fied  ported fiahle
5 ] 1 5 Y 1 7405742 Nervous system 5 5
1 1 T4y Ear, face, neck 2 1 1
13 8 1 4 10 9 1 TUS«747 Circulatory system | 12 12 y 1 3
1 1 2 2 T48 Respiratery system
9 7 2 5 3 1 1 TH*T50 Upper alimentary 7 5 2 5 4 1
tract
3 2 1 1 1 751 Digestive 3 2 1
T2 Genital organs 1 1
8 5 1 2 2 2 753 Urinary system 4 3 1
8 2 6 5 5 754756 Musculoskeletal 17 10 2 5 5 4 1
system
1 A 77 Integumentary system 1 1
1 L 2 2 758 Chramosamal, 1 1 3 3
2 2 759 Other & wnspecified
50 32 2 16 34 30 2 2 52 38 Yy 10 18 13 5



ANALYZED BIRTH DEFECTS BY ORGAN CR SYSTEM
“RANCH HAND AND ORIGINAL COMPARISONS ONLY

Table 4 (Cent'd)

MODERATE
RANCH HAND . OCMPARISCN
PRE<SEA POST=SEA PRE<SEA POST=SEA
Not  Not Not  Nct ICD OODE Not  Not Not  Not
Re=  Veri= Sup~ Veri< |Re*  Verls Sup~ Veris Res  Veri< Sup Veri< |[Re=  Veri< Sups Veris
ported fied  ported fiable |ported fied  ported fiable NOMENCLATURE prted fied ported fiahle |ported fied parted fiable
3 1 2 743 Eye 1 1 , ‘
2 2 3 2 1 |7ul Ear, face, neck i 1 } 1
Th5=7U7 Clroulatory system 2 2 1 1
TH8 Respiratary system 1 1
1 1 T49=T50 Upper alimentary 1 1
tract .
3 3 751 Digestive 7 1 1
3 3 3 2 1 =2 Genital organs 3 3 i y
1 i 1 1 {793 Urinary system ‘
18 9 1 8 9 7 1 1 T54<T56  Musculoskeletal 15 {6 1 8 IN 8 1 2
system '
2 1 1 3 2 1 7 Integumentary system| 2 1 1 1 1
2 14 1 17 20 13 I 3 26 1 10 19 15 2 2

15



Table 4 (Cont'd)

ANALYZFD BIRTH DEFECTS BY ORGAN CR SYSTEM
RANCH HAND AND ORIGINAL (CMPARISONS CNLY

LIMITED
RANCH HAND COMPARTSON
PRE<SEA POST<SEA PRE=SEA POST=SEA
Not Not Not Not ICD OCDE Not Net Not Not
Re=  Veri~ Supe  Veri< |Re=  Veri< Sue  Veri~< Re«  Veri< Sup* Veri= |[Re<  Veri« Sups Veri«
Ported fied ported fiable |ported fied  perted fiable NOMENCLATURE ported fied ported fiable |ported fied ported fiable
2 2 THO=T42 Nerveus system ‘ 1 1 1 1
1 1 1 1 TUSTUT Circulatory system
Th8 Respiratery aystem 1 1
i ! Y 2 2 TU9=T50 Upper alimentary 1 1
tract
_ 751 Digestive 1 1 ,
3 1 2 9 4 1 4 T5h<T56  Musculoskeletal 6 3 3
system
3 1 2 10 4 2 t 751 Integumentary system{ 7 7 2 1 1
8 2 6 26 12 4 10 9 9 1" 4 1 6



As in the baseline report, only those verified birth defects satisfying the
definition given in Appendix V of the baseline report are analyzed. Table 5
shows the counts of the children in Table 3 having verified birth defects with=
‘in the definitioq_ by time of conception (pre<SEA, post<SEA), verification
results (Yes, No; Unknown) and group (Ranéh Hand, Original Comparison, Ail
COmparigons). As previously noted, one Ranch Hand chiid with a verified con<
firmed birth defect céuld not be classified by time of conception because tour

data for his father are missing.

Table S

CHILDREN WITH MULTIPLE BIRTH DEFECTS

Pre=SEA : Post<=SEA

S M L S M L
Ranch Hand
Number of children _ 10 3 0 8 5 2
Number of conditions reported _ 22 8- o] 13 16 8
Number of conditions verified 17 2 0 13 12 5
Original Comparison
Number of children 7 § 1 Q 3 5 0
Number of conditions reported 12 5 0 6 9 1
Number of conditions verified : 10 2 0 6 7 0
A1l Comparisons
Number of children 8 2 1 5 8 0
Number of conditions reported 14 8 1 11 15 2
Number of conditions verified 12 ! 0 9 13 1

Table 5 shows the number of children in each group reported to have multi<
ple birth defects and the verifidation status of these defects. If a child had
defects with differing severity, the child was placed - in the category of

his/her most severe defect.
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Table 6

CROSS TABULATION OF CHILDREN HAVING REPORTED BIRTH DEFECTS
SATISFYING THE DEFINITICN

Pre<SEA - Post<SEA Totals

Group Yes No Unknown Yes No Unknown Pre<SEA Post<SEA
Ranch Hand 47 2 11 56 9 15 90 80
original Comparison 53 4 30 32 3 13 87 s
A1l Comparisons 73 5 us 58 & 22 123 84

The totéls in Table 6, together with the Ranch Hand and all Comparison
children with no time of conception information, are slightly different from
those totals shown in Table XI<10 of the baseline report, because Table XI=<10
contains data that were not analyzed in the baseline report. - The counts in
Table 6 do account for all children having reported birth defects within the

definition and reflect minor numeric changes due to the verification process.

Following the format of the baseline report, these analyses are focused on
the Ranch Handers and the original Comparisons. While these contrasts are of
primary importance, corresponding Ranch Hand versus all Comparison contrasts
are shown in the Appendix. The subject of these statistical investigations is
the change, if any, in the group (Ranch Hand, Original Comparison) by verified
wirth defect relationship with respect to the time of conception as pre<SEA or

post=SEA.

A statistical assessment of the Ranch Hand and briginal Comparison data
with a dichotomous response {(unknown, not unknown) did not reveal any signifi~<
cant difference in the pattern of verification between the groups (p = 0.65),
adjusted for time of conception. The corresponding analysis of the Ranch Hand

and all Comparison data gave a similar result (p = 0.71). Thus, patterns of
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faise positive reporting do not appear to'differ between the groups. Since
there is no assoc;iation in these data between groups and "unknowri" verification
status, the children having unknown verification status have been removed from
subsequent analyses. Verificatién of birth defects, £herefore. has only two '

values (yes, no). These dats, with unknowns removed, are summarized‘.in

Table 7.
Table T
CHILDREN WITH VERIFIED BIRTH DEFECTS WITHIN THE DEFINITION
8Y VERIFICATION OUTCOME, GROUP AND TIME
. Pre<SEA (%) ' Post‘SEA (1)
-Group Yes No Yes ~ No
Ranch Hand ©oy7 (2.8) 1630 (97.2) 56 (6.3) 838 (93.7)
Original Comparisons 53 (3.8) 1351 (96.2) 32 (4.4) 697 (95.6)

. The p‘value fpr the test of the hypothesis of no group by defect by time in
these data is O. 0z24. This implies that the pre<SEA odds ratio for verified
pirth defects, O. 73, ts significantly different froﬁ the post<SEA odds ratio,
1. H6 for contrasting Ranch Handers and original Comparlsons (p = 0. 02H). The
equivalent analysis using the data from all Comparisons (Appendix Table 2)

resulted in a similar finding (p = 0.023).

As reported in the baseline report, an analysis on reported defects, 1gnor‘
ing the verification results, shows 2 signlflcant three<way reported defect by

group by time interaction (p = 0.047), ulth odds ratios changing from O. 85 to

1.39.




Table XI<i16 of the baseline report éhows counts, but no analysis, of re=<
ported birth defective children by group (Ranch Hand, original Compérison#), by
occupation (officer, enlisted flying, enlisted ground) and by time of concép‘
tion. Table 8 shows the corresponding counts of éhildren by birth defect

verification outcome (yes, no).

Table 8

CHILDREN WITH VERIFIED BIRTH DEFECTS BY OCCUPATIONAL GROUP AND TIME

Occupa< _ Pre<SEA (%) Post<SEA (%)
tion Group Yes No Yes No
Officer Ranch Hand 2k (3.0) 774 (97.0) 9 {3.9) 221 (96.1)
. Original Comparisons 27 {3.9) 674 (96.1) 12 {5.3) 215 (94.7)
Flying Ranch Hand 6 (1.7) 345 (98.3) 9 (8.7) 95 (91.3)
Enlisted Original Comparisons 11 (3.5) 307 (96.5) 4 (3.8) 102 (96.2)
Ground - Ranch Hand 17 (3.2) 511 (96.8) 38 (6.8) 522 (93.2)

Enlisted Original Comparisons 15 (3.9) 370 (96.1) 16 (4.0) 380 (96.0)

Log=linear analyses of the data in Table 8 show no significamt four<way,
group by defect by time by occupation, interaction (p = 0.20). This lack of
four<way interaction allows consideration of a test for the three<way interac<
tion of interest (defect by group by time) adjusted for occupation. This test
gives a p<value of 0,061, These findings suggest that the pre<SEA odds ratio
and post<SEA odds ratio are only borderline significantly different, when ad=<
Jjustment for occupation is performed. Similar analyses of the data from the
total Comparison group revealed equivalent results (Appendix Table 3). Here,
and elsevhere in this report, adjustments for covariates are carried out to
reduce bias in the analysis. The »rice for this reduction, in the absence of
more data, is a loss in precision. Hence, the slightly increased p<value of
0.061, as compared with the unadjusted value, 0.024, reflects either true ab<

sence of a three<way (defect by time by group) interactlon or a reduced ability
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to detect a true three<way interaction due to an increased number of cells with
a fixed data base. A distinction between these two alternatives (a crude anal<«
ysis with more potential bias and -better power or a refined analysis with less

bias but with lower powér) can not be made without more data or more refined

statistical procedures.

An analysis of the data in Table 7, adjusted for four covariates {mother's
smok;ng and drinking during pregnancy, mother's .age at conception;and father's
age at conception)}, was carried out. The three<way interaction {(group by de<
fect by time), adjusted for mother's smoking, drinking and age aad father's
agét-is borderline statistically significant in the full anaiysis {p = 0.072).
Equi#alent statistical testing with the data from the total Comparison group

resulted in similar findings (p = 0.06), and these results are shown in Appen*

dix Table 4.

. Table 9

CHILDREN WITH VERIFIED BIRTH DEFECTS .
BY GROUP, TIME OF CONCEPTION AND VERIFICATION OUTCOME,
WITH BOTH PARENTS UNDER 35 AT CONCEPTION AND
MOTHERS WHO DID NOT DRINK ALCOHOL DURING PREGNANCY

A. Mothers not smoking during pregnancy.

Pre<SEA (%) Post<SEA (%)
Group : Yes No Yes No
Ranch Hand 25 (3.0) 818 (97.0) 28 (5.1) 493 (94.6)
Original Comparisons 24 (3.1) 742 (96.9) ‘20 (5.0) 370 (95.0)

B. Mothers smoking during pregnancy.

Pre<SEA (%) . '~ post=SEA (%)
Group Yes No Yes No
Ranch Hand 12 (3.1} 379 (96.9) 11 (8.1) 125 (91.9)

Original Comparisons 19 (6.3) 282 (93.7) b (3.3) 116 (96.7)
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The fully adjusted analysis just described is subject to criticism because
of the many empty cells in the full contingency table. In the above analyses,
2530 (60.6%) of the #4178 children of Ranch Handers and original Comparisons
were offspring of mothers who did not drink or smoke during pregnancy and were
under 35 at time of concéption and of fathers who were under 35 at conception;
948 (22.7%) of these.children had mothers who smoked and did not drink during
pregnancy and were under 35 at time of conception and had fathers who were
under 35 at conception. A summary of the data in these two categories of co<
variate values is shown in Table 9. Account of the structure of the full table
would then be taken by separate analyses within each of the two arrays shown in
Table 9. These analyses were accomplished. There is a significant four<way
interaction in the data shown in Table 9 (p = 0.051), indicating that three=way
interaction of interest (group by defect by time) changes with maternal smeking
"habits. The corresponding four<way interaction in the Ranch Hand versus alil
Comparison data_was not significant, (p = 0.73). Analyses within parts A and B
of Table 9 were then carried out. The three<way interaction (group by defect
by time) is not significant in the data of part A of Table 9 (mother not smok=<
ing during pregnancy). However, this three<way interaction is statistically
significant (p = 0.012).in the data of part B of Table 9 (mother smoking during
pregnancy); the odds ratio changes from 0.47 to 2.55. In summary, there Is an
indication that smoking by the wife of a Ranch Hander during pregnancy is asso<
ciated with a Ranch Hand versus Comparison differential in birth defects over

time of conception (p = 0.051).

Counts of verified birth defective children by severity of defect (light,
medium, severe), group (Ranch Hand, original Comparison) and time of conception
(pre<SEA, post<SEA) are shown in Table 10. The definition of severity 1is taken

from the baseline report and i{s shown below:



Severe: Conditions which are life threatening or produce severe
handicaps (é.g., physical, mental, motor).

Moderate: Conditions which are not life threatening and handicaps
which, with medical care, will not interfere with the individual's

overall health or socioeconomic progress.

'Limited: All conditions which, without medical care, would not in<

terfere with the individual's health or socioeconomic progress.

Table 10

CHILDREN WITH VERIFIED BIRTH DEFECTS
BY SEVERITY, GROUP AND TIME OF CONCEPTION

‘ Defective ‘ Not
Time © Group ‘ Light Moderate Severe Defective
Post<SEA Ranch Hand 12 14 30 8138
Original Comparison Yy 16 12 697
Pre<SEA Ranch Hand 2 13 32 1630
Original Comparison 1 15 37 1351

A log=<linear analysis of the data in Table 10 révealed a borderline groupr
by severity by time of conception interaction (p = 0.08). An analysis limited
to the children with verified defects, categorized as light, moderate or se<
vere, showed no statistically significant gfoup by severity by time of
conception interaction (p = 0.29). The corresponding analyses with all Com=<
parisons also révealed no significant threé‘uay intéraétioh {p = 0.13 and

p = 0.64, respeétively). These results are displayed in Appendix Table 5.



Two data<depéndent analyses (post ho;) were also conducted on the data in
Table 10. First, ch;ldren classified as having limited -birth defects were re;
classified as "not defective,™ 1leaving only two categories of defective
children, moderate and severe, in the analysis. The results of this analysis
revealed a statisticaily significant group by defect by time interaction
(p = 0.04), Second, children classified as having limited or moderate birth
defects were reclassified as "not defective,™ leaving only the severe category
of defective children in the analysis. The results of this analysis revealed a
statistically significant group by defect by time interaction (p = 0.01), with
the odds ratio changing from 0.72 to 2.07. These analyses suggest that the
three<way interaction found in Table 7 does not depend on severity of defect.
The ;orresponding analyses were also carried out on all of the data, shown in
Appendix Table 6; the results were similar, with the respective p<values being

0.09 and 0.04. These post hoc analyses are of secondary importance relative to

the primary analyses shown elsewhere in this report.

Counts of verified birth defective Ranch Hand children concefved after the
father's duty in Southeast Asia are shown in Table 11 according to their
father's occupation (officer, flying enlisted, ground enlisted) and estimate of

herbicide exposure (low, medium, high).

Table 11

CHILDREN WITH VERIFIED BIRTH DEFECTS
POST<SEA RANCH HAND BY FATHER'S OCCUPATION AND HERBICIDE EXPCSURE

Officer (%) Flying Enl (%) Ground Enl (%)
Exposure Yes No Yes No Yes No
Low 3 (4.0} 72 (96.0) 0 (0.0) 29 (100) 11 (1.6) 165 (98.14)
Medium  (7.1) 52 (92.9) b (12.5) 28 (87.5) 11 (4.9) 214 (95.1)

High 1 (1.2) 83 (98.8) 5 (11.4) 39 (88.6) 16 (10.3) 149 (89.7)



Statistical analyses of the data in Table 11 were restricted to.the en<
listed ground cohort due to low counts in the officer and flying enlisted data.
Ahalyses within the ground eplistéd cohort on the occurrence of birth defective
chiidren and herbicide exposure were carried out using each of the four covari<
ates, one at a time. These four analyses are summarized in Table 12.  No

significant relationships between the occurrence of birth defective children

and herbicide exposure; adjusted for these covariates, were seen in these data.

Table 12

. EXPOSURE ANALYSIS BY CHILDREN WITH VERIFIED BIRTH DEFECT
(Ranch Hand Enlisted Ground Personnel Only)

P<Values for

No Defect by Exposure by , No Defect by
Covariate Covariate Interaction Exppsure Interaction
Mother smoking 0.59 0.25
Mother drinking 0.89 _ 0.20
Mother's age 0.35 0.24
Féther's age 0.65 0.21

4. Neonatal Death Analysis

Verification of reported neonatal deaths was also accomplished during the

same time period, and the data are summarized in Table 13.



Table 13

REPORTED NEONATAL DEATHS
AND VERIFICATION PROCESS RESULTS BY GROUP

Positive Responses

Group Verified Unverified Total Negative Responses  Total
Ranch Hand 31 9 - 40 2623 2663
Original Comparison 17 4 21 2170 2191

These data are shown in Table 14, by time of conception (pre<SEA, post<

SEA), verified neonatal death (Yes, No) and group (Ranch Hand, Original Com=

parison).
Table 14
VERIFIED NEONATAL DEATHS BY TIME AND GROUP
{p = 0.0378)
Pre<SEA (%) Post<SEA (%)

Group Yes No Yes No
Ranch Hand 18 (1.0) 1705 (99.0) 12 (1.3) 905 (98.7)
Original Comparison 15 (1.0) 1420 (99.0) 1 (0.3) 743 (99.7)

-

A log=linear analysig of the data in Table 14, unadjusted for other covari<
ates, shows a significant three<way {group by time by neonatal death)
interaction (p = 0.04). In other words, the pre<SEA odds ratio, 1.00, Is sig=
nificantly different from the post<SEA odds ratio of 9.85. A paraliel analysis
on verif;ed data from all Comparisons gave similar results with a significant
change (p £ 0.01) in the odds ratio from 0.93 to 8.67. A corresponding analy<
sis using unverified data from original Comparisons in the baseline morbidity
report resulted in a borderline significant finding (p = 0.09), with the pre

and post<SEA odds ratios being 1.23 and 3.83. When the unverified data from

20



the total Comparison group (originals plus replacements) were used'in the base<
iine morbidity report, a statistically significant result was obtained

(p S 0.01), with the pre and post<SEA odds ratios of 1.06 and 5.06.

The neonatal death data are too sparse to permit a meaningful analysis

atratified on the exposure {ndex or other cocvariates.

5. Conclusions

Birth defects and neonatal deaths reported by study. participants during the
admiriistration of the questionnaire phase of the baseline study have been sub=

jected to verification based upon birth/death certificates and medical records.

The results of the verification process are summarized in the following two

tables.

Table 15

VERIFICATION STATUS OF CHILDREN WITH REPORTED BIRTH DEFECTS BY GROUP

: Records ' Percent
Group Number Reported Obtained Number Verified Verified
Ranch Hand R A 118 103 60.6
Original Comparisons 135 101 - 85 63.0

11 Comparisons 208 154 131 63.0



Table 16

VERIFICATION STATUS OF REPORTED NEONATAL DEATHS BY GROUP

Percent

Group Number Reported Number Verified Verified
Ranch Hand 40 31 77.5
Original Comparisons 20 : 16 80.0
£11 Comparisons | 32 26 81.3

In spite of extensive efforts, some records were unobtainable and their
receipt is not anticipated. The verification of positive reports of these
cond;tions were not st;tistically different in the three groups. Thus, differ<
entiél reporting of positive responses to the birth defect and neonatal death

questions does not create a detectable bias in these data.

Statistical analyses comparable to the analyses on reported but unverified
déta in the baseline report were conducted, and similar findings were observed.
There was an increase in the risk of Ranch Hand birth defects with time (pre
| versus post<Southeast Asia), and this change is statistically significant.
These data were also stratified on the smoking history of the mother during the
pregnancy in question. There were no group differences in birth defects among
those women who did not smoke; however, there was a §1gnificant change in risk
of birth defects with time among Ranch Hand children born to mothers who did

smoke during pregnancy.

The herbicide exposure index was applied to these data, but the number of
defects among the relatively small strata of officers and enlisted flyers made
a meaningful analysis impossible. However, the larger group of ground enlisted

personr2l was. large enough to permit this analysis. This analysis did not



-

-

reveal an association between herbiecide éxposure and the occwrrence of birth
defects, The exposure index used in this report is a theaterwide estimate of

exposure and is not individual<specific and needs further refinement.

The neonatal death data were also reanalyzed. A significant change in risk
of the occurrence of neonatal death with time was noted; however, this is due
in part to an obvioué decrease with time in neonatal -deaths born to Compari<
sons' wives. >The Ranch Hand rate was stabié with time. These analyses were,
however, unadjusted for maternal age at timé of conception. Additional ad<

justed analyses will be carried in future updates or other socloeconomic

variables of possible importance.

-

The reanalysis of these data corroborated the findings of the baseline
report; however, once again, no consistentlreIAtionshlp to exposure was ob~
served. The next step in the full analysis of these data is to verify the
négative reports to complete the assessment of differential reporting. it'is
anticipated that another 12 months will be required to complete the collection

of medical records on the more than 6000.11ve births reported by the study

participants.



-

APPENDIX

Appendix Table 1
ANALYZED RANCH HAND

SEVERE

PRE<SEA POST=SER
Not Not Not Not
D Re=< Veri< Sup= Veri< Re< Veri< Sup=  Veri<
(ODE  ported fied ported fiable NOMENCLATURE prted fied ported fiable
22801 Hemangicma of skin and 1 1
subcutaneous tissue
Twoo | 2 2 Spina bifida with hydroce=
phalus
74190 Spina bifida without hydroce<; 2 T2
phaius
T3} 2 2 Hydroceptalus
TU2S9 1 1 Other specified anomalies of 1 1
spinal cord ‘
T4 Unspecified anomaly of brain,|{ 2 2
spimal cord
74409 ' Absence of ear 1 1
TUS11 1 1 Dowble cutlet right ventricle| 1 1
TU5Y 1 1 Ventricular septal defect .
U5 Atrial septal defect 2 1 1
459 1 1 Unspecified defect of septal
‘ closure
74602 Pulmonary valve stencsis 1 1
TU686 1 1 Congenital heart block
74689 Other specified anamalies, 1 1
heart
7469 3 1 1 1 Unspecified anomaly of heart 2 2
7470 1 1 Patent ductus arteriosus 3 3
Tu721 1 1 Ancmalies of aortic arch
T2 | 1 1 Atresia & sterosis of acrta
413 3 3 Anomalies of pulmonary artery
THES 1 1 Agenesis, hypoplasia, dyspla=| 2 2
sia of 1lung
7400 | 2 2 Cleft palate 1 1
74910 2 2 Cleft 1lip 2 1 1
749920 | 1 1 Cleft palate with cleft 1ip
7503 Tracheoesophageal fistula 1 1
=05 b 2 2 Pylaric stemosis 1 1
7511 1 1 Atresia & stenosis of amall
intestine
75161 1 1 Biliary atresia
- TB1g 1 1 Unspecified anomaly of diges=| 1 1
tive system
7530 1 1 Renal agenesis & dysgenesis :
7533 3 2 -1 Other specified anomalies of 1 1
kidney




Appendix Table 1 (Cont'd)

ANALYZED RANCH HAND
SEVERE
FRE<SEA POST=SEA
| Not Mot Not Mot
ICD - Re< Veri< " Supe Veri< Re< Varic Sup= Veri<
CODE -~ ported fied ported fiable NOMENCLATURE prted fied ported fiable
o3 |1 1 Other specified ancmalies of
: weter
7539 3 1 2 Unspecified a:maly of uri< 1 1
nary system
61 | 1 1 Congenital pes plarus .
5470 2 2 Deformity foot, NOS, clubfoot| 2 2
T4 | 1 1 Other deformity of foot
7529 | 1 1 - | Longitudinal deficiency
75563 | 1 1 Other oongenital defoarmity 1 1
hip (joint)
“T560 Ancmalies of skl & face 2 2
75610 | 1 1 Ancmaly of spine
615 |1 1 Fusion of spine
8 | 1 1 Dovn's syndrome 2 2
91 1 1 fnomalies of adrenal glard
7598 1 1 Other specified ancralies
50 P 2 16 34 30 2 2
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Appendix Table 1 (Cont'd)

ANALYZED RANCH HAND

MIDERATE
PRE<SEA POST<SEA
Not Not Not Not
ICD Re<  Veri< S Veri< Rec Veri< Supe  Veri<
CIDE ported fied ported fiable NOMENCLATURE " ported fied ported fiahle
280 | 2 1 1 Hemangioma, unspecified site
5531 3 3 Unbilical hernia
7438 3 1 2 Other specified aomelies of
' the eye
78400 | 1 1 Unspecified anomaly ear with
hearing impairment
U4 1 1 Absernce of the ear lobe 1 1
Thh29 Other ancmalies of the ear 1 1
THL3 - Unspecified anomaly of the 1 1
ear
7508 Other specified amomalies, 1 1
upper alimentary tract
75249 Other aromalles, female 1 1
genitalia
™5 2 2 Undescended testicle
7526 1 1 Hypospadias 2 2
31 Cystic kidney disease 1 1
7538 1 1 Other specified ancmalies
‘ of bladder and urethra
ToH0 1 1 Musculoskeletal defomity,
7 skull, face, jaw
42 3 2 1 Musculoskeletal deformity,
spine
75430 Dislocation, hip, uwnilateral 1 1
40 | 1 1 Talipes varuses
75453 Metatarsus varus 1 1
CTsM61 | T i Pes planus
M0 | 2 2 Deformity of foot, NOS
=811 1 Pectus excavatum
T5489 Other specified, nonterato” 1 1
genic avmalies
75501 Polydactyly, fingers 1 1
502 | 1 1 Polydactyly of toes
75513 Syndactyly, toes without 1 1
fusion
75563 | 3 3 Deformity of hip (joint)
T5H66 | 2 2 Other ancmalies of the toes
=567 | 1 1 Other anamalies of the foot,
NEC
75569 Other ancmalies of the lower | 3 1 1 1
limb




Appendix Tablé 1 (Cont*d)

ANALYZED RANCH HAND

MODERATE
PRE<SEA : POST<SEA
7 - Not Not : “Not-  Not
ICD Re® Veri= Sup~ Veri< Re=  Veric Sup= Veris
(ODE  ported fied ported fiabie . NOMENCLATURE | ported fied ported fiable
=60 1 1 Ancmalies of the skl &
face bones _
T5689 1 1 | other anomalies, muscle, .
tendons, fascla, oconnective
tissue o
569 ' Other & unspecified anamalies| 1 1
musculoskeletal system
75733 Pigmentary anomalies of the 2 2
‘ : skin. ‘ :
=75 ) Specified ananelies of the 1 | 1
‘ nails S '




POST<SEA

Not Mot
Re< Veri< S Veri<
ported fied  ported fiatle

TH361

THT6

T5010
75019
75450

511

7513 1 1

Benign neoplaam, siin, site
ed

Other specified anomaly of
eye

Ptosis

Other specified anomalies
of heart

Other ancmlies, peripheral
vascular system

Tongue tie _

Ancmaly of tongue wspecified

Other ancoalies of tongue

Talipes varus

Talipes valgus

Deformity feet NOS

Cther specified deformity
of feet

Syndactyly fingers without
fusion

Syrdactyly toe with fusion

Unspecified anomaly lower
limb

R

- (23 = =3 )

-
h




: Appendix: Table 1 (Cont*d)

LIMITED
PRE-SEA ‘FOST«SEA
D Re< Veric Sy Verdc Re= Verls Swp< Veri®
OODE - ported fied pxted fiable NOMENCLATURE prted fled ported fiable
TSS6T Ancoalies of foot, NEC 1 1
T5569 Other specified ancmaly lower| 1 1
1imb
757132 Hamartomas 5 2 1 2
73 Pignentary anomalies of skin | 2 1 1
™39 1 1 Other specified ancmalies, 2 1 1
skin
1516 1 1 Other specified ancmlies 1 1
26 12 Y 10



Appendix Table 2

'\q-( -

. VERIFIED BIRTH DEFECTIVE CHILDREN .. %,
WITHIN THE DEFINITION BY VERIFICATION OUTCOME, GROUP, TIME

Pre<SEA (%) Post«SEA (%)
Group Yes ‘No Yes No
Ranch Hand 47 (2.8) 1630 (97.2) 56 (6.3) 838 (93.7)

All Comparisons 73 (3.7) 1922 (96.3) 58 (4.5) 1218 (95.5)



a Appexidix' Table 3

VERIFIED BIRTH DEFECTIVE CHILDREN
BY GROUP OCCUPATION AND TIME
(A1) Comparisons)

Occupa< Pre<SEA (%) , Post<SEA (%)

tion . Group* Yes - Ko -~ Yes — No

orficer B o4 (3.0)  TT4 (97.0) 9 (3.9) 221 (96.1)
AC . 36 (3.8) 911 (96.2) 18 (4.5) 378 (95.5)

Fly Enl RH 6 (1.7) 345 (98.3) 9 (8.7) 95 (91.3)
AC 14 (3.5) 390 (96.5) 8 (5.9) 128 (94.1)

Gnd Enl RH 17 (3.2) 511 (96.8) 38 (6.8) 522 (93.2)
AC 23 (3.6) 621 (96.4) 32 (4.3) 722 (95.7)

(*¥*RH = Ranch Hand, AC = All Comparisons) =



Appendix Table L.

VERIFIED BIRTH DEFECTIVE CHILDBEN... ;

BY GROUP, TIME OF CONCEPTION AND VERIFICATION OU'ICOHE.
WITH BOTH PARENTS UNDER 35 AT CONCEPTION AND
MOTHERS WHO DID NOT DRINK ALCOHOL DURING PREGNANCY

A. Mothers not smoking during pregnancy.

Pre<SEA (%)
Group . Yes No
Ranch Hand 25 (3.0) 818 (97.0)
All Comparisons 39 (3.5) 1061 (96.5)

B. Mothers smoking during pregnancy.

Pre<SEA (%)

Group _ Yes Ko
Ranch Hand 12 (3.1) 379 (96.9)

All Comparisons 22 (5.6) 371 (94.4)

37

Post<SEA (%)
tes Mo

28 (5.4) 493 (94.6)

37 (5.2) 676 (94.8)

Post<SEA (%)
Yes No

——

11 (8.1) 125 {91.9)

8 (u.4) 173 (95.6)



Appendix Table 5

VERIFIED DEFECTIVE CHILDREN
BY SEVERITY, GROUP AND TIME OF CONCEPTION

Not Defective (%)
Time Croup Defective Light Moderate Severe
Post<SEA RH 838 12 (21.4) 14 (25.0) 30 (53.6)
ac 1218 9 (15.5) 24 (m.4) 25 (43.1)
Pre<SEA RH 1630 2 (4.3) 13 (27.7) 32 (68.1)
~ AC 1922 3 (4.3 23 (31.5) ¥7 (64.1)

e
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Appendix Tabie 6

VERIFIED NBEONATAL DEATHS
BY TIME AND GROUP

Pre<SEA (%) Poat<SEA (%)

Group Yes No Yes No
Ranch Hand 18 (1.0) 1705 (99.0) 12 (1.3) 905 (98.7)

All Comparisons 23 (1.1) 2019 (98.9) 2 (0.2) 1307 (99.8)
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